Role of exosites 1 and 2 in thrombin reaction with plasminogen activator inhibitor-1 in the absence and presence of cofactors.
The cofactors heparin, vitronectin (VN), and thrombomodulin (TM) modulate the reactivity of alpha-thrombin with plasminogen activator inhibitor (PAI-1). While heparin and VN accelerate the reaction by approximately 2 orders of magnitude, TM protects alpha-thrombin from rapid inactivation by PAI-1 in the presence of VN. To understand how these cofactors function, we studied the kinetics of PAI-1 inactivation of alpha-thrombin, the exosite 1 variant gamma-thrombin, the exosite 2 mutant R93,97,101A thrombin, and recombinant meizothrombin in both the absence and presence of these cofactors. Heparin and VN accelerated the second-order association rate constant [k(2) = (7.9 +/- 0.5) x 10(2) M(-)(1) s(-)(1)] of alpha-thrombin with PAI-1 approximately 200- and approximately 240-fold, respectively. The k(2) value for gamma-thrombin [(7.9 +/- 0.7) x 10(1) M(-)(1) s(-)(1)] was impaired 10-fold, but was enhanced by heparin and VN approximately 280- and approximately 75-fold, respectively. Similar to inactivation of gamma-thrombin, PAI-1 inactivation of alpha-thrombin in complex with the epidermal growth factor-like domains 4-6 of TM (TM4-6) was impaired approximately 10-fold. The exosite 2 mutant R93,97,101A thrombin, which was previously shown not to bind heparin, and meizothrombin, in which exosite 2 is masked, reacted with PAI-1 at similar rates in both the absence and presence of heparin [k(2) = (1.3-1.5) x 10(3) M(-)(1) s(-)(1) for R93,97,101A thrombin and k(2) = (3.6-5.1) x 10(2) M(-)(1) s(-)(1) for meizothrombin]. Unlike heparin, however, VN enhanced the k(2) of R93,97,101A thrombin and meizothrombin inactivation approximately 80- and approximately 30-fold, respectively. Continuous kinetic analysis as well as competition kinetic studies in the presence of S195A thrombin suggested that the accelerating effect of VN or heparin occurs primarily by lowering the dissociation constant (K(d)) for formation of a noncovalent, Michaelis-type complex. Analysis of these results suggest that (1) heparin binds to exosite 2 of alpha-thrombin to accelerate the reaction by a template mechanism, (2) VN accelerates PAI-1 inactivation of alpha-thrombin by lowering the K(d) for initial complex formation by an unknown mechanism that does not require binding to either exosite 1 or exosite 2 of alpha-thrombin, (3) alpha-thrombin may have a binding site for PAI-1 within or near exosite 1, and (4) TM occupancy of exosite 1 partially accounts for the protection of thrombin from rapid inactivation by PAI-1 in the presence of vitronectin.